(25%) occurred in men; 121 aneurysms (70%) were ruptured and 52 (30%) were unruptured. Locations of these lesions included 147 aneurysms (85%) in the anterior circulation and 26 aneurysms (15%) in the posterior circulation (Table 1) .
Technique and Indications for Using IA
Intraoperative angiography was performed to evaluate 70 aneurysms (40%). Informed consent to perform IA was obtained from all patients, although it was not used in all cases. The groin region was prepared for possible use of IA in all patients. A femoral catheter introducer was placed at the start of the procedure or access was obtained at the time IA was initiated, depending on the position of the patient and the surgeon's preference. Placement of the femoral introducer was made at the start of the operation in 41 cases (59%). This included all cases in which the patient was positioned laterally for posterior circulation aneurysms and all cases in which intraoperative interventional techniques such as suction decompression were anticipated. In other cases it was up to the individual surgeon to decide when to place the introducer. Among the 29 cases in which the introducer was not placed at the start of the procedure, there were no aborted attempts to perform IA because of failure to gain femoral access. In two of these cases, localization of the femoral artery was assisted by Doppler sonography, but a percutaneous approach was successful in all cases. A radiolucent headholder (Mayfield Radiolucent Headholder; Ohio Medical Instruments, Cincinnati, OH, or Malcom-Rand Carbon-Composite Headholder; Elekta, Atlanta, GA) and a radiolucent operating table (Skytron, Grand Rapids, MI) were used to enhance the resolution of the IA. Intraoperative angiography was performed by means of a portable digital subtraction angiography unit (OEC Diasonics, Salt Lake City, UT). All IAs were performed by one of three neurointerventional radiologists (J.A.S., R.L.G., or A.J.D.) who were available 24 hours per day. The decision to perform IA was made at the surgeon's discretion for one or more of six indications. In 60 cases (86%) IA was performed to ensure complete clipping of the aneurysm; in 37 cases (53%) to assess patency of the distal branches; in 29 cases (41%) to ensure uncompromised flow through the parent vessel; in five cases (7%) to achieve temporary balloon occlusion for proximal control; in 10 cases (14%) for suction decompression of large or giant aneurysms; and in five emergency cases (7%) because the patient's condition did not allow enough time to perform preoperative angiography. All 70 patients underwent diagnostic IA after clipping even when intraoperative balloon techniques or emergency evaluations had also been performed. The total charge to the patient for diagnostic IA was $2200, which included supplies and technical and professional fees. A cost-benefit analysis is being prepared for future publication.
Postoperative angiography was performed routinely to assess the accuracy of the IA and to detect unexpected findings in cases in which IA was not performed. Postoperative angiography was not performed if the patient refused or died in the early postoperative period or if there were significant relative contraindications.
Statistical Analysis
A standard data collection sheet was used to determine the characteristics of each aneurysm and the impact of IA on the final clip placement. Intraoperative and postoperative angiographic findings were reviewed by both neurosurgeons and neuroradiologists to detect any residual aneurysms, distal branch occlusions, and parent vessel stenoses. Data were accrued concurrently and entered into a computer database for tabulation and analysis.
A stepwise logistic regression analysis was performed to determine any factor that was significantly related to repositioning of the aneurysm clip after IA and to evaluate discrepancies between IA and PA findings. Factors included patient age and gender and aneurysm type, status, size, and location. Significance (p Ͻ 0.05) was determined by using Fisher's exact test. 
Results

Use of Intraoperative Angiography
In this series, IA was performed in 70 (40%) of the 173 aneurysms surgically treated. The use of IA at the time of aneurysm clipping was solely at the discretion of the surgeon. The most common indication for IA was to ensure complete clipping of the aneurysm (86% of cases). In no case in which IA was not performed did PA detect an unexpected finding. The surgeon's judgment was highly sensitive (100%) in determining when IA was unnecessary.
Characteristics of the total patient population and the subgroup assessed by IA and the percentage of the total using IA within each category are included in Table 2 . Ruptured aneurysms accounted for 70% of the total number of aneurysms and 60% of those assessed by IA. However, of all ruptured aneurysms, only 35% were selected for IA. With regard to size, giant aneurysms accounted for only 8% of all aneurysms and 17% of aneurysms assessed by IA; however, of all giant aneurysms 92% were selected for IA. With regard to location, vertebrobasilar aneurysms accounted for 15% of all aneurysms and 27% of those assessed by IA; of all vertebrobasilar aneurysms 73% were selected for IA.
Most patients underwent only one IA study and only one view (such as anteroposterior or lateral) was obtained. This view was selected on the basis of which view was determined best on the preoperative angiograms ( Fig. 1) .
Repositioning of the Aneurysm Clip After IA
The aneurysm clip was repositioned or an additional clip was added after IA in 19 cases (27%). Only those cases in which the finding on IA was unexpected were counted in this total. Among these cases, indications for modifying clip configuration included one or more of the following: residual aneurysm (eight cases), distal branch occlusion (eight cases), and parent vessel stenosis (five cases). Examples of cases in which the patient required aneurysm clip repositioning for each of these indications are shown in Fig. 2 . Among the variables that were evaluated by means of stepwise logistic regression analysis for their impact on the need for repositioning of the aneurysm clip, patient age and gender and aneurysm type were not statistically significant. Repositioning of the aneurysm clip was required in 10 of 42 ruptured aneurysm and in nine of 28 unruptured aneurysms (p = 0.58). Clip repositioning was required in six small (19%), eight large (30%), and five giant (42%) aneurysms. Although giant aneurysms required clip repositioning at a higher rate than smaller aneurysms, this trend was not statistically significant (p = 0.31). The only variable that was significant in predicting the necessity for aneurysm clip repositioning was location. In fact, aneurysms arising from the anterior cerebral artery were statistically significant (p = 0.03) for not requiring clip repositioning when compared with other aneurysm locations (Fig. 3) . Among the locations in which there were at least six aneurysms to assess, aneurysms arising at the superior hypophyseal artery required repositioning at a significantly (p = 0.03) higher rate than other locations (Fig. 4) .
Postoperative Angiography
Of the 173 aneurysms in this series, 157 (91%) were evaluated by PA. The remaining patients either did not survive or declined to undergo PA. Of the 70 aneurysms in patients who underwent IA, 63 (90%) were subsequently evaluated by PA. Comparison of IA with PA revealed identical findings in 53 (84%) of the cases. Among the 10 cases (16%) in which there were dissimilarities, eight (13%) had unfavorable postoperative findings and two (3%) had favorable postoperative findings. Unexpected unfavorable findings included residual aneurysm in five cases (7.9%) and distal branch occlusion in three cases (4.8%) (Fig. 5) . No parent vessel stenosis was missed on the IA. The two unexpected favorable cases involved vessels that appeared occluded on IA; the clips were not repositioned because sufficient collateral flow was present and, subsequently, these vessels were found to be patent on PA (Fig. 6) . No unexpected findings were observed on PA among the 87 aneurysms that were evaluated only by PA and not by IA.
Among the 157 cases evaluated by PA, the overall incidence of unexpected residual aneurysm was 3.2% and that of unexpected distal branch occlusion was 1.9%. There were no cases of unexpected parent vessel stenosis detected on PA.
Complications Related to IA
Of the 70 aneurysms evaluated by diagnostic IA, one complication (1.4%) occurred. A groin hematoma developed on the 1st postoperative day in a patient being treated with induced hypertension. There were no long-term sequelae related to this hematoma.
Discussion
Selective Use of IA
Previous studies include retrospective analyses of patients harboring aneurysms of whom a subset underwent IA or a consecutive series in which IA was used routinely. 1, 4, 6, 7, 16 In the series conducted by Barrow, et al., 4 and Derdeyn, et al., 7 the criteria for performing IA were not provided. Martin and colleagues 16 used IA in cases that involved large or giant aneurysms, multiple aneurysms, and single aneurysms in a variety of locations. However, it is uncertain if that series was exclusive or all-inclusive for those types of aneurysms. Alexander, et al., 1 used IA uniformly without any selectivity in their recently reported series.
An initial premise of our study was that IA is unnecessary for every aneurysm operation. Part of the design of this study was to determine what circumstances will lead the surgeon to use IA and whether PA will confirm that the selectivity is reliable. Selection was not based solely on the size or location of the aneurysm; it was also based on the surgeon's concern immediately after clip placement and on direct microscopic observation for the possibility of residual aneurysm, distal branch occlusion, or parent vessel stenosis. We found the surgeon's judgment to be very sensitive (100%) in predicting when IA was unnecessary: there were no unexpected findings on PA among those cases in which no IA was performed. Some surgeons may rely on puncture and aspiration of an aneurysm after clipping; however, this does not ensure that there will be no residual aneurysm, distal branch occlusion, or parent vessel stenosis.
Clip Repositioning After IA
The incidence of repositioning or adding an additional aneurysm clip after IA is higher in our series than in other reported series (Table 3) . As explained earlier, this result is expected because IA was used selectively in cases in which the surgeon had concern about the final clip configuration. In few series have factors predictive of the need for clip repositioning been prospectively analyzed. Although we agree with Alexander, et al., 1 that the presence or absence of subarachnoid hemorrhage does not predict unexpected findings on IA, we disagree on other variables. We found only a trend for giant aneurysms to require clip repositioning at a higher rate than smaller aneurysms. Perhaps, as our selective use of IA for small aneurysms decreases because of the low incidence of unexpected findings and as we continue the frequent use of IA in cases of giant aneurysms, we can anticipate that the presence of giant aneurysms will be statistically predictive of unexpected IA findings. We did not have the same difficulty with posterior communicating artery aneurysms as did Alexander and coworkers; however, superior hypophyseal artery aneurysms required the most clip repositioning for both residual aneurysm and stenosis of the carotid artery. The basilar artery was the second most common location for aneurysms that required clip repositioning, although it was not statistically significant. Our observations are in agreement with a combined series review of 499 aneurysms evaluated by IA in which a higher incidence of unexpected findings in giant, supraclinoid, and basilar artery aneurysms was found. 1 Another explanation for our high rate of repositioning of the aneurysm clip could be that surgeons may rely on IA rather than diligently dissecting and visualizing the neck, parent vessel, and distal branches near an aneurysm. If this were the case, a higher incidence of clip repositioning would be expected. However, IA may also prevent unnecessary dissection and clip adjustment in cases in which the aneurysm has already been properly clipped. Such dissection can result in injury to small perforating vessels, intraoperative rupture of the aneurysm, parent vessel stenosis, or distal branch occlusion. In this series each aneurysm was dissected and clipped as though IA was not available. For aneurysms in the superior hypophyseal artery and basilar artery regions, circumferential visualization around the neck can be difficult, even with maximum dissection, because of the narrow operating window or restrictions at the skull base including the cavernous sinus. These restrictions do not exist for other aneurysms such as those along the anterior or middle cerebral artery, which have a lower incidence of residual aneurysm, distal branch occlusion, and parent vessel stenosis on IA. The results of our series support this because aneurysms of the anterior cerebral artery never required clip repositioning after IA.
Because superior hypophyseal artery aneurysms required clip repositioning at the highest rate, they were assessed independently. This group had a similar variety
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Intraoperative angiography in aneurysm surgery of sizes as other locations. The amount of dissection necessary to expose and clip the aneurysms was similar to other paraclinoid aneurysms. However, superior hypophyseal artery aneurysms frequently require fenestrated clips that may increase the risk of carotid artery compromise or incomplete clipping of the aneurysm, although we did not assess fenestrated clips as an independent variable in this series. Other authors did not assess superior hypophyseal artery aneurysms independent of other paraclinoid aneurysms in a series in which IA was used selectively. Our overall high rate of clip repositioning supports our contention that IA can be used selectively in cases in which it is more likely to have an impact. As our selectivity in the use of IA increases in the future, our incidence of clip repositioning may also increase.
Postoperative Angiography
In previous reports, PA has not been routinely performed after successful IA; however, in each of our patients PA was attempted whether IA had been performed or not. Ultimately, PA was performed in 157 aneurysms (91%). Intraoperative angiography did not reveal five (7.9%) of the residual aneurysms and three (4.8%) of the distal branch occlusions. Our incidence of residual aneurysms that were undetected by IA is similar to those of previously reported series; however, PA was not performed routinely in those series and thus their incidences may indeed be higher (Table 4 ). There is no previous report of distal branch occlusion undetected by IA.
Specificity and sensitivity were not calculated for IA because PA may not reflect the exact condition of the aneurysms, distal branches, and parent vessel at the time of the IA. If eight clips were repositioned for residual aneurysms after IA and five additional aneurysms were detected by PA and presumed undetected by IA, then it would appear that the sensitivity of IA was 61% (eight of 13). However, some of these five aneurysms found on PA may not have been present during the IA, and may have formed as a result of aneurysm clip slippage in the early postoperative period. The same may apply to distal branches that appear patent on IA and then thrombose or become occluded due to spasm and appear occluded on the PA. Calculating the sensitivity of IA in these scenarios is not reliable. We do assume that all eight residual aneurysms detected on IA would not have resolved spontaneously and would most certainly have been present on PA if the clips had not been repositioned. Therefore, the clinically relevant interpretation of these data is that IA reduced the incidence of residual aneurysm on PA by 61%.
In our series, IA was more accurate in the evaluation of small aneurysms and in those arising from the internal carotid artery branches. Identification of small aneurysms would be expected to be more accurate on IA because they are more easily visualized circumferentially during surgery and, therefore, are less likely to have unexpected residual aneurysm or distal branch occlusion. Aneurysms of the internal carotid artery may allow for more reliable findings on IA because they have fewer branches than aneurysms of the middle cerebral bifurcation, anterior communicating artery, or basilar artery. The significance of the increased accuracy of IA for evaluating internal carotid artery aneurysms is borderline. We are currently assessing the use of intraoperative microvascular Doppler sonography in conjunction with IA to increase accuracy. Its use may also reduce our utilization of IA, particularly when trying to evaluate distal branch patency.
In this series, two cases displayed vessels occluded on IA that were subsequently found to be patent on PA. This phenomenon has not been previously reported in other series of patients who underwent IA. The clips were not repositioned after IA because of sufficient collateral flow through the posterior communicating artery. Occlusion of these vessels on IA was attributed to spasm secondary to surgical manipulation and the lesser force of the handinjected contrast material that was used with IA, which made the vessels appear occluded during IA but not during PA. The PA confirmed antegrade flow in these vessels in both cases. Intraoperative angiography did not lead to repositioning of the clip in these cases because it confirmed that collateral circulation was sufficient to prevent unnecessary and potentially harmful clip manipulation.
With the selective use of IA, the overall incidence of residual aneurysm and distal branch occlusion detected on PA was lower than that of other reported series (Table 5) . Distal branch occlusion after aneurysm surgery has high rates of morbidity and mortality. 2, 15 In 1981, Weir 21 reported two cases in which immediate PA was performed because of neurological deficit and revealed residual aneurysm and distal branch occlusion, resulting in emergency return to the operating room. Intraoperative angiography in such a case would likely have eliminated this delay and reoperation, preventing potential morbidity in the patient. Our results with selective use of IA led to an incidence of distal branch occlusion that was less than half that of any previously reported series assessed by PA results ( Table 5) .
Complications of IA
One groin hematoma related to IA occurred in a patient being treated with induced hypertension following surgery. There were no strokes related to the use of diagnostic IA. Our incidence of complications is 1.4%. Others have confirmed the safety of IA in evaluating aneurysms as well as arteriovenous malformations and carotid arteries after endarterectomy. 4, 7, 16 
